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Abstract 
Nickel zinc ferrite (NixZn1-xFe2O4 where x=0.1, 0.3, 0.5) nanoparticles were synthesized by chemical co-precipitation method. 
The doping effect of nickel ions on crystalline phase, size, particle size, and saturation magnetization (MS) are investigated. The 
XRD patterns confirm the single crystalline phase of the nanoparticles. The lattice parameter decreases with increase in Ni 
content and reduces lattice strain. HRTEM images reveal the crystalline nature of nanoparticles with size distribution in 10-30 
nm range. The M-H curve exhibit the superparamagnetic nature of x=0.1 and x=0.3 samples and ferromagnetic nature for x=0.5 
sample.  Ms increases with rise in Ni2+ ions concentration. These ferrite nanoparticles are suitable for ferrofluids applications. 
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1. Introduction  
 
In the recent past the research interests in nano crystalline magnetic materials have grown considerably 
increased because of their large novel physical aspects [1]. Quantum size effect and the large surface area of 
magnetic nanoparticles dramatically change some of the magnetic properties and exhibit super paramagnetic 
phenomenon. Due to spin anisotropy and high coercivity at room temperature, these magnetic nanoparticles have 
applications in high density recording, microwave absorption, ferrofluid [2-6].The magnetic anisotropy and 
moderate saturation magnetization along with good mechanical hardness and chemical stability make them suitable 
for various useful applications etc. [7-9]. The addition of Zn ions in Ni ferrite affects the lattice parameter and 
influences the Curie temperature.  In this paper we are reporting work on the synthesis of Ni substituted Zn ferrite 
by chemical co-precipitation method and their structural, morphological and magnetic properties have been 
investigated relevance to ferrofluid applications. 
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2. Experimental & Measurements 
 
Aldrich AR grade high purity salts of NiCl2.6H2O, ZnCl2 and Fe(NO3)3.9H2O salts were dissolved in distilled 
water with constant stirring to prepare 1M solution. For synthesis, equimolar solution of above salts were mixed in 
their stoichiometric ratio and homogenized at 600C. To this 25% ammonia solution was added drop by drop with 
constant stirring. The pH of the solution was maintained at 8.5 during precipitation. The mixture was then heated at 
800C for about 1h and obtains the precipitated particles. These precipitated particles were then washed several times 
with double distilled water to remove the salt residues and other impurities. It was further dried at 800 C to obtain 
the powder. The structural and magnetic properties of these samples were done by Rigaku make powder X-ray 
diffractometer, Polytronic make search coil and X-band E-line Centuary E-112 Varian make EPR spectrometer. 
 
3. Results and Discussion 
 
The structural analysis of NixZn1-xFe2O4 (x=0.1, 0.3, 0.5) samples was done by powder X-ray diffraction 
technique using Cu KD radiation are as shown in  Fig.1(a,b,c) The  diffraction peaks match with the single 
crystalline inverse spinal form of the nickel zinc   ferrite (JCPD Card no. 019-0629). The diffraction patterns were 
analyzed using jade software. The diffraction pattern indicates ultrafine nature and small crystallite size of the 
particles.  
 
 
Fig.1:    XRD pattern of NixZn1-xFe2O4 samples: (a) x=0.1, (b) x=0.3, and (c) x= 0.5 
 
The lattice parameters were calculated for all the composition and are listed in the table. It is observed that that 
lattice parameter decreases from 8.4271 to 84039 Å with increase in nickel content. The higher the value of lattice 
parameter with increase in nickel content is attributed  to the replacement of larger Zn2+ cation in the interstitial 
site .The induced strain due to this has been  calculated. It is found that strain is maximum for zinc rich sample and 
decreases as nickel concentration increases. This attributes to the more accommodation of large ionic radii of zinc 
ion as compared to Ni & Fe in the interstitial site. The value of strain is listed in Table 1. The crystallite size of each 
composition was then determined by the Scherrer relation [11]. 
  
D = 0.89OEFRVș 
 
Where D is the crystallite size, O is the wavelength of X-ray, E is the full width at half maxima (FWHM) measured 
LQUDGLDQVDQGșLVWKH%UDJJDQJOH7KHYDOXHRIDYHUDJHFU\VWDOOLWHVL]HLVOLVWHGLQ7DEOH 
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Table 1: X-ray analysis of NixZn1-xFe2O4 samples 
 
 
 
 
 
 
 
 
 
 
 
 
 
Magnetic measurements were carried out on these samples at room temperature using search coil method. From 
these measurements saturation magnetization (Ms), remanence (Mr) and coercivity (Hc) were evaluated. Fig. 2 
displays the magnetization curve for all composition of nickel zinc ferrite. The magnetization curve demonstrates a 
typical super paramagnetic behaviour of as prepared Ni0.1Zn0.9Fe2O4 and Ni0.3Zn0.7Fe2O4 nanoparticles with zero 
remanence and coercivity. The super paramagnetism of these nanoparticles can be attributed to their fine crystallite 
size, which makes it easier for them to be thermally activated to overcome the magnetic anisotropy [12].  For 
Ni0.5Zn0.5Fe2O4 sample a small hysteresis is observed indicating the ferromagnetic nature of the material at room 
temperature. This can be attributed to the comparatively larger crystallite size of the sample [13]. The value of 
saturation magnetization remanence and coercivity are listed in the table 2. It is seen that saturation magnetization 
for Ni0.1Zn0.9Fe2O4 is 23.95 emu/g and increase with increase in nickel ion concentration. The smaller value of 
saturation magnetization may be due to lattice defects, weaker magnetic super exchange interaction and the random 
orientation of spin on the surface of nanoparticles. 
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Fig. 2:  Magnetization measurements of NixZn1-x Fe2O4 
(a) x = 0.1, (b) x = 0.3, and (c) x = 0.5. 
 
Table 2: Magnetization of NixZn1-xFe2O4 samples. 
 
Composition 
     Ms 
(emu/gm) 
      Mr 
(emu/gm) 
Hc 
(Gauss) 
Ni0.1Zn0.9Fe2O4 
 
23.95 0 0 
Ni0.3Zn0.7Fe2O4 
 
31.72 0 0 
Ni0.5Zn0.5Fe2O4 
 
37.75 3.55 200 
 
Sample  Lattice 
parameter 
(Å) 
Strain  Crystallite 
size (nm) 
Ni0.1Zn0.9Fe2O4 
 
8.4271 
 
0.003539 11.85 
Ni0.3Zn0.7Fe2O4 
8.4100 0.002446 13.34 
Ni0.5Zn0.5Fe2O4 
8.4093 0.002166 16.76 
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The high resolution transmission electron microscopy (HRTEM) has provided further insight into the 
morphologies and structure detail of these nickel zinc ferrite samples. The HRTEM micrograph recorded (model 
TECNAI F30) for NixZn1-xFe2O4 with composition x=0.1 and x =0.3.  Fig. 3 gives the HRTEM image of 
Ni0.1Zn0.9Fe2O4 and Ni0.3Zn0.7Fe2O4 sample. The measured ferrite nanoparticles shows the uniform and    
homogenous size distribution, From the electron diffraction rings we have  calculated the crystalline phase of the 
sample which perfectly match with the cubic inverse spinal phase of NixZn1-xFe2O4. It is observed that the particle 
size increases as the concentration of Ni ion increase. 
 
 
    
 
 
 
 
 
x=0.1                                x=0.3 
Fig.3: HRTEM micrograph of NixZn1-xFe2O4 
 
Nanocrystalline nickel zinc ferrite with different concentration of Ni and Zn (NixZn1-xFe2O4 where x=0.1, 0.3, 
0.5) were synthesized using chemical co-precipitation technique. The effect of doping ion concentration on physical 
properties like crystalline phase, crystallite size, particle size, and saturation magnetization are investigated.  
 
 
4. Conclusions 
 
The X-ray diffraction studies confirm the synthesis of single crystalline NixZn1-xFe2O4 nanoparticles. The lattice 
parameter decreases with increase Ni content resulting in reduction of lattice strain. HRTEM micrographs confirm 
the size distribution of nanoparticles is in the range of 10-30 nm. The saturation magnetization show the 
superparamagnetic nature of sample for x=0.1 and x=0.3 whereas for x=0.5, the material is ferromagnetic. The 
saturation magnetization is 23.95 emu/gm and increases with increase in Ni content. 
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